Description 

LOW VOLTAGE CIRCUIT FOR INTERFACING 
WITH HIGH VOLTAGE ANALOG SIGNALS 

TECHNICAL FIELD 

The invention relates to integrated circuits 
fabricated using a "low voltage" (power supply <5v) 
technology for interfacing with high voltage analog 
signals, and in particular to circuits for accurately 
sensing and amplifying a low voltage differential signal 
that has been superimposed upon high DC voltage. 

BACKGROUND ART 

15 In low voltage integrated circuit (IC) design, 

information represented by a small differential signal is 
often superimposed upon a much larger voltage. It is 
often difficult to extract and amplify the differential 
signal and cancel the high voltage component. This is a 

20 typical situation in DC-to-DC (switching or linear) 

voltage regulators, or battery chargers. This function 
is also widely used in multi-phase voltage regulation 
modules (VRM) , integrated circuits (ICs) in which 
currents in different phases of the circuit must be 

25 matched. In such circuits, current on the high side of 
input power supply has to be measured accurately, while 
at the same time, the low voltage circuitry must be 
protected from over-voltages. 

A classical approach to measure currents is to 

30 use a sensing resistor, often called a shunt resistor, 

typically on the order of milliohms, so that a millivolt 
signal can be detected by means of current flow on the 
order of an ampere . 

One arrangement (Fig. 1) connects the sensing 

35 resistor R sense / 104, in series with the high voltage 
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source 102. But this method is not easily adapted to 
integrated circuits, since the integrated circuit must 
interface with R sense at a high voltage level. 

Another less costly approach uses a n (pi) 
5 resistive network to measure the voltage drop across a 
shunt resistor. The n resistive network reduces the 
measured low voltage signal across the shunt resistor by 
a factor equal to the ratio of the resistors in the n 
network, thereby reducing the overall accuracy of the 
10 measurement. This reduction ratio can be significant 
because the low voltage signal is only on the order of 
millivolts . 

Another sensing arrangement (Fig. 2) locates 
the sensing resistor R sense near the "ground" supply. The 

15 circuit 200 comprises a high (V hv ) line 204, a current 

source I lf 206, a sensing resistor R sense , 208, connected to 
an electrical ground and across which the current I lf 
flows. V sense is measured across the sensing resistor 208. 
In this case, the sensing resistor 208 cannot match to 

2 0 the output impedance of a regulator under test (not 
shown) . 

An object of the invention is to provide a high 
voltage to low voltage interface circuit that can measure 
differential signals superimposed on this high voltage 

2 5 without reducing overall accuracy. 

SUMMARY OF THE INVENTION 

The objects of the invention have been achieved 
by an integrated circuit (IC) that rejects the unwanted 

3 0 high voltage signal and detects the wanted low voltage 

signal by means of a current mirror which is coupled to a 
means for current -to- voltage conversion. The current 
mirror circuitry uses the unwanted high voltage signal to 
produce a reference current from which mirrored currents 
3 5 are produced. When there is a small voltage signal 



ATM31:240.APL Atmel Proprietary 



-3- 



superimposed upon the high voltage signal, while 
rejecting the high voltage signal via common mode 
rejection, the means for current to voltage conversion 
senses the small voltage signal through its differential 
5 mode. Consequently, the means for current-to-voltage 
conversion converts and amplifies the differential 
current into a voltage proportional therewith. (When 
there is no small voltage signal, means for current to 
voltage conversion rejects the mirrored currents via the 
10 common-mode -reject ion. As a result, the means for 

current-to-voltage conversion produces zero voltage.) 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a schematic diagram of a 
15 sensing resistor connected in series to a voltage source 
for measuring a low voltage signal. 

Fig. 2 illustrates a schematic diagram of 
another method of measuring a low voltage signal by 
placing the sensing resistor close to the electrical 
2 0 ground . 

Fig. 3 illustrates a schematic diagram of an 
high voltage integrated circuit according to the present 
invention. 

2 5 PREFERRED EMBODIMENT OF THE DESCRIPTION 

In reference to Fig. 3, a schematic diagram of 
a high voltage to low voltage interface integrated 
circuit (IC) 400 according to the present invention is 
illustrated. The high voltage interface IC circuit 400 

3 0 comprises mainly a current mirror 42 0 coupled to a means 

for current-to-voltage conversion 460. 

The master current source 422 uses a high 
voltage signal V hv to generate a reference current and 
create other mirrored currents. When there is no small 
35 voltage signal V s , the common mode rejection (CMR) of the 
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means for current-to-voltage conversion 460 rejects these 
common-mode currents and only produces a reference 
voltage proportional to the reference current. When 
there is a small current flowing through the external 
5 sensing resistor, the balance of the current mirror is 

disturbed. As a result, the means for current-to-voltage 
conversion 460 converts this unbalanced current into a 
voltage proportional to the small signal voltage V 1 . The 
gain of the means for current-to-voltage conversion 
10 compensates for the reduction factor discussed in the 

sensing resistor circuit 10 0 above. And thus, the high- 
to-low voltage interface IC according to the present 
invention can match the impedance with the circuit under 
test (not shown) , measure accurately the small voltage 
15 signal, and can be implemented at a low cost. 

The detailed construction and operation of the 
high-to-low voltage interface IC is described as follows: 

With reference to Fig. 3, a current mirror 42 0 
comprises three NMOS transistors: a first NMOS transistor 
20 422, a second NMOS transistor 424, and a third NMOS 
transistor 426. These three NMOS transistors are 
connected together to form a master current source and 
current mirror. The gates of three transistors are 
coupled together and to the drain of the first NMOS 
25 transistor 422. Therefore, the gates of transistors 424, 
42 6, and 42 6 see the same voltage. The sources of the 
three transistors are coupled together and to an 
electrical ground 428. The drain of the first transistor 
422 is coupled to a resistor 430, the other terminal of 
30 the resistor 430 is coupled to a large voltage (V hv ) line 
412 on which a small voltage signal is superimposed by a 
signal source 410. The drain of the second transistor 
430 is coupled to a second resistor 432 and the other 
terminal of the resistor 432 forms a common mode voltage 
3 5 V sensel . Similarly, the drain of the third NMOS transistor 
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426 is coupled to a third resistor 434. The other end of 
the third resistor 426 coupled to a first terminal of an 

. r 414, and forms a common 

external sensing resistor R«„«, 41 

,„ . „ The differential voltage V.„„ is tne 

mode voltage V,„,„. me oi 

^■u ..^ofnr 414 A current that flows 
voltage across the resistor 414. 

through the resistor 430 is a reference current I,. The 

, t and I flowing through resistors 432 and 
other currents I, and I, riowi y ,.„„ e nt 
434 respectively are the mirror of the reference current 
! Resistors 430, 432 and 434 have equal resistance 
values, designated R„ «. and R„ respectively. 

in a preferred embodiment, a means for current 
t o-voltage conversion is an operational amplifier <op- 
amp) 440 . Other means for current-to-voltage 
may he used instead of the op-amp 440. The --inverting 
nput terminal of the op-amp 440 is coupled to the drain 
of the second transistor 424, and the inverting input is 
coupled to the drain of the third NMOS transistor 426. 
£ ourth resistor 442 is feedback resistor that connects 
its output terminal to the inverting input terminal 
the o P -amp 440. Non-inverting input terminal of the op- 
amp 440 is coupled to a fifth resistor 444 whose other 
end is coupled to a voltage reference vref, 446. The 
£irs t DC terminal of the op-amp is coupled to a second 
voltage source V aa , 448, which is the IC power supply, 
second DC source of the op-amp 440 is connected to 
ground. The o P -amp 440 converts the unbalanced currents 
Lsed by the small signal voltage V„„. to a proportional 
voltage. Resistors 446 and 444 have resistance valves 
designated as R. and R„ respectively. alitvo£ 
The circuit preferably includes a plurality of 
electrostatic devices <ESD, to prevent currents from 
fiowing into the transistors 422, 424, and 426. In a 
preferred embodiment, the BSD devices are pn junction 
devices, such as diodes, MOS transistors or equ-alent 
devices. These pn Junction devices are represented 
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diodes in the figure. First and second diodes, 482 and 
484, are connected to the second voltage source V dd , 448, 
and prevent current flow into the drain of the first 
transistor 422. The cathode terminal of the first diode 
5 482 is connected to the second voltage V dd , and the anode 
terminal is connected to the drain of the first NMOS 
transistor Q 1 and to the cathode of the second diode 484. 
The anode of the second diode 4 84 is connected to ground 
(GND) . Similarly, third and fourth diodes, 486 and 488 
10 are connected in series to prevent unwanted current flow 
from Vdd to the drain of the second NMOS transistor 424. 
The anode terminal of the third diode 486 is connected to 
the drain of the second NMOS transistor 724. Likewise, 
the fifth and sixth diode pair 490 and 492 prevent 
15 current flow into the drain of the third transistor 426. 

With the connections specified above, first 
transistor 422 is a master current source that produces a 
referent current I 0 . The referent current I 0 equals to 
(V hv -V gs Q1 ) /Ri- The master current source 422 also causes 
20 mirror currents of the same value I 0 to flow in the drains 
of the second and third transistor 424 and 426. The 
resistors 430, 432, and 434 are of the same value so that 
when the small voltage signal V sense is zero, the mirror 
currents flowing across the resistors 432 and 434 are 
25 mirrors of the reference current I 0 . The gates of 

transistors 422, 424, and 426 only see one V gg . The 
differential voltage V sense is translated down to the same 
value on drain nodes of transistors 424 and 426 by a 
shift of their common mode voltage. When the small 
30 voltage signal V sense is zero, the common mode voltage is 
equal to V hv . Then the two resistors and shift down the 
common mode voltage by an amount equal to I 0 R 2 or I 0 R 3 as 
second and third transistors 424 and 426 try to match the 
current mirror at first transistor 422. In a preferred 
35 embodiment, the resistance value of resistors 422, 424, 
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and 426 are 25 kO. V dd equals 3.3 volts, Vref equals to 
1.65 volts (= * • Vref) . Op-amp resistors 442 and 444 are 
2 50 kQ. 

Since the mirror currents flow into the 
inverting and non-inverting terminals of the op-amp 440 
are the same, the op-amp 440 thus rejects these common- 
mode currents. As a result, V out equals to Vref. Because 
r 5 /R 2 equals to R 4 /R 3 , the output of the op-amp 440 equals 
to R 4 /R 3 (V - V ) = Vref wherein V + is the voltage at the 
non-inverting terminal and V is the voltage at the 
inverting terminal of the op-amp 440. 

Thus, when the small voltage signal V sense does 
not appear across R sen8e , 414, the op-amp 440 rejects the 
mirror currents produced by the master current source 
422, which is based on the high voltage V hv . The result 
V out 'equals to the reference voltage Vref, independent of 
the high voltage V hv on line 412. Thus, the high voltage 
signal V hv has been eliminated. 

When a small voltage signal V aense not equal to 
zero appears across the sensing resistor 414, the current 
mirror condition specified above no longer exists because 
the small signal voltage V, causes a current to flow 
across the third resistor 434 in addition to the 
reference current I 0 . This additional current puts the 
op-amp, 440 in the differential mode and start to 
debalance the drain voltages of transistors 424 and 426. 
In the differential mode, the op-amp 440 reacts and 
forces the inverting terminal and non-inverting terminal 
to be equal, forcing V out to shift by an amount 
proportional to V sense . In the differential mode, AV out 
equals AI out times R 5 . AV out = AI 0 • R 5 = V sense /R 3 ■ R 5 - As a 
result, when there is a small voltage signal V senge 
dropping across the sensing resistor 414, the op-amp 440 
adjusts to the unbalanced conditions by producing a 
voltage equal to V sense , amplified by the closed loop gain 
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of the op-amp 440. Thus, the high voltage component V hv 
is still eliminated and the wanted small voltage signal 
v sense is detected. 

RC low pass filters (502-512) , which are 
5 optionally provided, filter out high frequency 

components. High frequency signals can be potentially 
damaging to the transistors 422, 424, and 426. One 
terminal of a sixth resistor 502 is coupled to the high 
voltage line 412 and the other terminal is coupled to a 

10 first capacitor 504 and to the first resistor 430. The 
second terminal of the first capacitor 504 is coupled to 
ground. Similarly, a first terminal of a seventh 
resistor 506 is coupled to the first terminal of the 
sensing resistor 414; a second terminal is coupled to a 

15 second capacitor 508. The second terminal of the 

capacitor 50 8 is coupled to ground, forming an RC low 
pass filter with the seventh resistor 506. The other 
terminal of the sensing resistor 414 is coupled to an 
eighth resistor 510. A third capacitor 512 is coupled to 

20 the other terminal of the resistor 510 and to the third 
resistor 434. The second terminal of the capacitor 512 
is coupled to ground. The low pass filters, formed by 
R 6 /C lt R 7 /C 2 , and R 8 /C 3 pairs, filters out unwanted high 
frequency components that are potentially damaging to the 

25 transistors 422, 424, and 426. If the filters are left 
off, resistors 430, 432 and 434 typically have 25kQ 
values. If the optional filters are provided, typical 
resistance values for the resistors 502, 506 and 510 are 
lkQ each, with the first through third resistors 430, 432 

3 0 and 434 reduced by lkQ to a typical value of 24kQ. 

Typically capacitors 504, 508 and 512 have capacitance 
values of about lOpF. These optional low pass filters do 
not affect the overall basic operation of the IC as 
described above . 
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